(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

28.05.2003 Bulletin 2003/22 

(21) Application number: 02009756.4 

(22) Date of filing: 30.04.2002 



(11) EP1 315 293 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H 03 H 3/02 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 13.11.2001 KR 2001070378 

(71) Applicant: SAMSUNG ELECTRONICS CO. LTD. 
Suwon-city, Kyounggi-do 441-742 (KR) 



(72) Inventors: 

• Seo, O-gweon 
Yongin-city, Kyungki-do (KR) 

• Jun, Chan-bong 
Seocho-gu, Seoul (KR) 

• Park, Man-geum 

Kiheung-eub, Yongin-city, Kyungkl-do (KR) 

(74) Representative: Griinecker, Kinkeldey, 

Stockmalr & Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



(54) Fabrication of film bulk acoustic resonator 

(57) A method of fabricating an air gap type Film 
Bulk Acoustic Resonator (FBAR) is provided. The FBAR 
fabrication method includes: (a) depositing and pattern- 
ing a sub-electrode on a semiconductor substrate; (b) 
depositing and patterning a piezoelectric material layer 
on the sub-electrode; (c) depositing and patterning an 
upper electrode on the piezoelectric material layer; (d) 
forming a hole which passes through the upper elec- 
trode, the piezoelectric material layer and the sub-elec- 



trode; and (e) injecting a fluorine compound into the hole 
so that an air gap can be formed on the semiconductor 
substrate, and non-plasma etching the semiconductor 
substrate. Since the FBAR fabrication method does not 
include forming and eliminating the sacrificial layer in 
the fabrication process, the fabrication process is sim- 
plified. In addition, the air gap having the limitless fre- 
quency selectivity can be formed and the performance 
of the FBAR can be enhanced. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method of 
fabricating a Film Bulk Acoustic Resonator (FBAR), and 
more particularly, to a method of fabricating an air gap 
type FBAR. 

2. Description of the Related Art 

[0002] For a super high frequency band, a dielectric 
resonator, a metal cavity resonator and a piezoelectric 
thin film resonator (FBAR) are used. These resonators 
are superior in terms of a small insertion loss, a frequen- 
cy characteristic or a temperature stability. However, 
they are too big to be implemented as a compact, light 
integrated circuit on a semiconductor substrate. When 
compared with the dielectric resonator or the metal cav- 
ity resonator, the FBAR can be manufactured to be com- 
pact and implemented on a silicon substrate or a gallium 
arsenic (GaAs) substrate, and has a smaller insertion 
loss. 

[0003] A filter using the dielectric resonator, the metal 
cavity resonator and the FBAR resonator is one of core 
components necessary for a mobile communication 
system. Technology for the filter manufacture is indis- 
pensable to implement a compact, light and low power- 
consuming mobile terminal. 

[0004] The dielectric filter and a Surface Acoustic 
Wave (SAW) filter are most widely used for Radio Fre- 
quency (RF) for mobile communication. 
[0005] The dielectric filter is used as a 900 MHz filter 
for a mobile phone for a home use, and a 1 .8 - 1 .9 GHz 
duplex filter for PCS. It features a high dielectric ratio, a 
low insertion loss, stability in a high temperature, a vi- 
bration-proofness and a shock resistance. However, it 
is difficult to implement a compact dielectric filter as 
Monolithic Microwave integrated Circuit (MMIC). 
[0006] The SAW filter is smaller than the dielectric fil- 
ter and processes a signal easily, and has the advan- 
tages of a simple circuit and easy mass-production. In 
addition, the SAW need not be adjusted. However, it is 
not easy to manufacture the SAW filter operating at 
more than a super high frequency (5 GHz or higher) 
band due to limitation of a manufacturing process. 
[0007] The FBAR filter is differentiated from the above 
filters in that it can be very light and thin, and mass-pro- 
duced easily by means of a semiconductor process and 
combined with RF active elements without any restric- 
tion. 

[0008] The FBAR filter is a thin film where a cavity is 
caused by a piezoelectric characteristic after a piezoe- 
lectric material such as ZnO or AIN is deposited on the 
silicon (Si) substrate or GaAs in an RF sputtering meth- 
od. 



[0009] An FBAR fabrication process includes a mem- 
brane type, a brag reflector type and an air gap type. 
[0010] In the membrane type fabrication method, a sil- 
icon P+ layer as an FBAR membrane is deposited on a 

5 silicon in an ionic growth method, and the opposite side 
of the silicon substrate is anisotropy-etched in order to 
cause an etching stop and form an etching cavity. Since 
a back etching is performed in the membrane method, 
a resonator may be deteriorated. 

10 [0011] In the brag reflector type fabrication method, a 
material with a big acoustic impedance difference is de- 
posited every other layer on a silicon substrate and a 
brag reflection is caused so that acoustic energy can be 
concentrated between electrode layers to generate a 

15 resonance. The brag reflector type fabrication method 
is disadvantageous in that it is hard to adjust the thick- 
ness of a thin film layer and a wave may be reduced due 
to phase change of a received wave if the thickness ad- 
justment fails. 

20 [0012] The air gap type FBAR fabrication method is 
the up-to-date technology designed to overcome the 
disadvantages of the two methods. In the air gap type 
FBAR fabrication method, a micro-machining technolo- 
gy is used to form a sacrificial layer on a silicon semi- 

25 conductor substrate, make an air gap and generate a 
resonance. According to the air gap type FBAR fabrica- 
tion method, the air gap prevents loss of a resonator and 
the processing is easy in the manufacturing process. 
[0013] FIG. 1A through 1Q show steps for manufac- 

30 turing an existing air gap type FBAR. 

[0014] As shown in FIG. 1A, a semiconductor sub- 
strate 11 is prepared. Then, as shown in FIG. 1B, a pho- 
toresist 12 is coated on the semiconductor substrate 1 1 , 
a mask is placed on the photoresist 12 and the photore- 

35 sist is exposed. The mask has a pre-determined config- 
uration so that an etching part is formed on the semi- 
conductor substrate 11 as shown in FIG. 1C. 
[0015] After the exposed photoresist is developed, an 
air gap is formed on the semiconductor substrate as 

40 shown in FIG. 1C in an Inductive Coupled Plasma Re- 
action Ion Etching (ICPRIE) method. Then, as shown in 
FIG. 1 D, a sacrificial layer 13 such as poly-Si is laminat- 
ed on the semiconductor substrate 11. The sacrificial 
layer 13 is planarized in a Chemical Mechanical Polish- 
es ing (CMP) planarization process, as shown in FIG. 1E. 
The sacrificial layer 1 3 is ZnO when a piezo-electric ma- 
terial layer 15 is AIN. In case the piezo-electric material 
layer 15 is ZnO, the sacrificial layer 13 is Poly-Si. 
[0016] With reference to FIG. 1 F. a sub-electrode 15 

50 is laminated on the semiconductor substrate 11 includ- 
ing the sacrificial layer. A photo process is performed in 
order to pattern the laminated sub-electrode as shown 
in FIG. 1G. FIG. 1 H shows the sub-electrode 15 formed 
by the photo process. 

55 [0017] FIG. 1 1 shows the process of depositing a pie- 
zo-electric material layer 17 on the sub-electrode 15. 
The piezo-electric material layer 1 7 is patterned by the 
photo process shown in FIG. 1 J. FIG. 1K shows the pat- 
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terned piezo-electric material layer 1 7. 
[0018] An upper electrode 19 is laminated on the pi- 
ezo-electric material layer 17. Then, the photo process 
and patterning are performed as shown in FIG. 1 L and 
1M. FIG. 1N shows the pattern of the upper electrode 
1 9 formed as a result of the photo process and the pat- 
terning. The sacrificial layer is still included in the sem- 
iconductor substrate. 

[0019] FIG. 10 shows the step of forming a hole 10a 
that passes through the upper electrode 19, the piezo- 
electric material layer 17 and the sub-electrode 15 to 
eliminate the sacrificial layer. FIG. 1 P shows the step of 
eliminating the sacrificial layer 1 3 by injecting an etchant 

16 such as KOH into the hole 10a. The sacrificial layer 
can be wet-etched or dry-etched with plasma. 
[0020] FIG. 1 Q shows the air gap type FBAR manu- 
factured in the above procedures. 

[0021] The fabrication of the existing air gap type 
FBAR necessitates the above-described complicated 

1 7 steps. In addition, in the existing air gap type FBAR 
fabrication method, after the semiconductor substrate is 
etched and the etched part needs to be filled with the 
sacrificial layer. Therefore, if the etched part is deep, 
much time is taken to fabricate the sacrificial layer and 
it is hard to form the deep air gap. 

[0022] Moreover, an additional process of planarizing 
the sacrificial layer is necessary, resulting in a long com- 
plicated fabrication process, and it is difficult to planarize 
the sacrificial layer precisely as needed. 
[0023] Especially, in the step of removing the sacrifi- 
cial layer, the thin film making up the FBAR may be 
etched, or the wash liquid remaining in the air gap after 
etching of the sacrificial layer leads to defectiveness of 
the FBAR. 

SUMMARY OF THE INVENTION 

[0024] To solve the above-described problems , it is an 
object of the present invention to provide a Film Bulk 
Acoustic Resonator (FBAR) fabrication method for im- 
proving the performance of the FBAR by forming an air 
gap having a limitless frequency selectivity in a simpli- 
fied fabrication procedure at a low cost. 
[0025] To achieve the above object, there is provided 
an air gap type Film Bulk Acoustic Resonator (FBAR) 
fabrication method. The method includes: (a) depositing 
and patterning a sub-electrode on a semiconductor sub- 
strate; (b) depositing and patterning a piezoelectric ma- 
terial layer on the sub-electrode; (c) depositing and pat- 
terning an upper electrode on the piezoelectric material 
layer; (d) forming a hole which passes through the upper 
electrode, the piezoelectric material layer and the sub- 
electrode; and (e) injecting a fluorine compound into the 
hole so that an air gap can be formed on the semicon- 
ductor substrate, and non-plasma etching the semicon- 
ductor substrate. 

[0026] Step (e) further includes vaporizing the fluorine 
compound before the fluorine compound reacts to the 



semiconductor substrate. Step (e) further includes per- 
forming a vacuum suction on the material generated as 
a result of the reaction to the fluorine compound. 
[0027] It is preferable that the non-plasma etching is 

5 a chemically dry-etching. 

[0028] The fluorine compound is XeF 2 . 
[0029] It is preferable that the width of the air gap is 
the distance from the most outer point where the upper 
electrode and the semiconductor substrate meet to the 

io most outer point where the sub-electrode and the sem- 
iconductor substrate meet. 

[0030] It is preferable that the depth of the air gap is 
half of the width of the air gap. 

[0031] In the air gap type FBAR fabrication method, 
is the present invention simplifies the fabrication process- 
es and reduces the time and costs for the fabrication 
process. A non-plasma etching method using a fluorine 
compound can form the air gap having the limitless fre- 
quency selectivity. Therefore, because the FBAR has 
20 the air gap which has various widths and depths de- 
pending on the number of vibrations of Radio Frequency 
(RF), the performance of the communication system 
adopting the FBAR can be enhanced. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The above object and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
30 reference to the attached drawings in which: 

FIGS. 1 A through 1Q show a method for fabricating 
an existing air gap type Film Bulk Acoustic Resona- 
tor (FBAR); 

35 FIGS. 2A through 2L show a method for fabricating 
FBAR according to an embodiment of the present 
invention; 

FIG. 3 is a top view showing a filter which adopts 
the FBAR according to the embodiment of the 
40 present invention; 

FIG. 4shows an apparatus for fabricating the FBAR 
according to the embodiment of the present inven- 
tion; 

FIG. 5 is a photograph showing an air gap formed 
45 on a semiconductor substrate in a non-plasma etch- 
ing method with a photoresist used as a mask: and 
FIG. 6 is a photograph showing the air gap formed 
on the semiconductor substrate, where a silicon di- 
oxide layer is deposited with the photoresist used 
50 as a mask, in the non-plasma etching method. 

DETAILED DESCRIPTION OF THE INVENTION 

[0033] The present invention will now be described in 
55 detail by describing preferred embodiments thereof with 
reference to the accompanying drawings. In the draw- 
ings, the same reference marks denote the same ele- 
ments. 
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[0034] FIGS. 2A through 2L show a method for fabri- 
cating an air gap type FBAR according to an embodi- 
ment of the present invention. 

[0035] For fabrication of FBAR, a semiconductor sub- 
strate 21 such as a silicon or a gallium arsenic (GaAs) 
is prepared as shown in FIG. 2A. A conductive electrode 
such as Al is laminated on the semiconductor substrate 
21 to form a sub-electrode 23 as shown in FIG. 2B. The 
sub-electrode is patterned by a photo process as shown 
in FIG. 2C. In the photo process, a photoresist 22 is coat- 
ed on the sub-electrode 23 and a mask of a desirable 
patterning configuration is placed on the photoresist 22. 
Then, exposure and development are performed. 
[0036] FIG. 2D shows the sub-electrode 23 patterned 
by the photo process. The same photo process is per- 
formed on a piezoelectric material layer 25 as shown in 
FIGS. 2E,2Fand 2G. 

[0037] The same photo process is performed on an 
upper electrode 25 as shown in FIG. 2H, 21 and 2J. 
[0038] FIG. 2K shows the step of forming a hole 20a 
which passes through the upper electrode 27, the pie- 
zoelectric material layer 25 and the sub-electrode 23 
formed by the photo process. FIG. 2L shows the step of 
etching the semiconductor substrate 21 by injecting a 
fluorine compound such as XeF 2 into the hole 20a. 
[0039] FIG. 2L shows a non-plasma etching method 
that uses the fluorine compound and the chemical reac- 
tion of the chemical formula 1. The fluorine compound 
is in a vapor state. 

[Chemical Formula 1] 
XeF 2 -> Xe + FeSi x 

[0040] FIG. 3 is a top view showing a filter which 
adopts the FBAR according to the embodiment of the 
present invention. With reference to FIG. 3, the piezoe- 
lectric material layer 25 is prepared between the sub- 
electrode 23 and the upper electrode 27 that are con- 
nected to contact pads 32 and 34 respectively. Unlike 
the SAW filter, the FBAR filter uses a thickness wave 
instead of a surface wave. 

[0041] FIG. 4 shows an apparatus for fabricating the 
FBAR according to the embodiment of the present in- 
vention. With reference to FIG. 4, a source chamber 41 
is connected with a pump 50 and an expansion chamber 
43. The expansion chamber 43 is connected with a 
pump 60 and an etching chamber 45. The etching cham- 
ber 45 is connected with the pump 60 and a transfer 
chamber 47. The transfer chamber 47 is connected with 
the pump 50. Connection points have valves 51 through 
56. 

[0042] For fabrication of the air gap type FBAR ac- 
cording to the embodiment of the present invention, a 
solid fluorine compound (XeF 2 ) is prepared in the 
source chamber 41 and the pressure is reduced to 4torr 
or less. The temperature in the chamber is the normal 



temperature. The pressure in the chamber is reduced 
to 4torr or less in orcc-r to sublimate the solid fluorine 
compound to a vapc n this case, the pressure needs 
to be adjusted appro: ..ate ly so that the desirable vapor 
5 fluorine compound can be generated. With the value 51 
closed, the valve 52 is opened and the pump 50 reduces 
the pressure in the source chamber by means of a vac- 
uum suction and sublimates the solid fluorine compound 
into the vapor. 

10 [0043] Then, with valves 51 and 54 opened, the valve 
52 is closed. The pump 60 is operated to transfer the 
vapor fluorine compound in the chamber 41 to the ex- 
pansion chamber 43. In this process, the expansion 
chamber 43 is filled with the vapor fluorine compound. 

15 After the chamber is filled with an appropriate amount 
of the fluorine compound, the valves 53 and 55 are 
opened and the valves 51 and 54 are closed. Then, the 
pump 60 is operated and transfers the vapor fluorine 
compound in the expansion chamber 43 to the etching 

20 chamber 45. 

[0044] The etching chamber 45 has the semiconduc- 
tor substrate (not shown) where the upper electrode, the 
sub-electrode and the piezoelectric material layer are 
formed. The semiconductor substrate chemically reacts 

25 to the vapor fluorine compound injected into the etching 
chamber 45 and is etched. The injection amounts of the 
fluorine compound should be adjusted depending on the 
size of the air gap to be formed on the semiconductor 
substrate. The injection amounts of the fluorine com- 

30 pound are adjusted depending on the chamber pressure 
reduced by the pump 60 that performs the vacuum suc- 
tion and the opening/closing time of the valves 53 and 
55. The pressure in the expansion chamber 43 is ad- 
justed to have about 4torr and the pressure of the etch- 

35 ing chamber 45 is adjusted to have about 20mtorr. 

[0045] After the air gap of the desirable size is formed 
on the semiconductor substrate in the etching chamber 
45, the valve 55 is opened with the value 53 closed. 
Then, the pump 60 is operated to discharge the remain- 

^o ing vapor fluorine compound. 

[0046] The FBAR which passes the etching process 
is transferred to the transfer chamber 47. 
[0047] FIGS. 5 and 6 are photographs showing the air 
gap formed on the semiconductor substrate in the non- 
45 plasma etching method using the fluorine compound. 
With reference to FIG. 5, when the photoresist is used 
as the mask, a hemisphere air gap is formed in the lower 
side of the photoresist. At this time, the photoresist does 
not experience any damage and the desirable hemi- 

50 sphere air gap is formed on the semiconductor sub- 
strate. That is, the air gap type FBAR fabrication method 
according to the embodiment of the present invention 
causes no damage to the sub-electrode unlike the ex- 
isting air gap type FBAR fabrication method. 
55 [0048] FIG. 6 is a photograph showing the air gap 
formed on the semiconductor substrate, where a silicon 
dioxide layer is deposited with the photoresist used as 
a mask, in the non-plasma etching method. With refer- 



7 

ence to FIG. 6, the silicon dioxide layer is deposited on 
the semiconductor substrate, and the photoresist is 
coated on the silicon dioxide layer. Then, after the non- 
plasma etching is performed, the desirable hemisphere 
^ air gap is formed on the lower side of the silicon dioxide 

layer. 

[0049] Since the air gap type FBAR fabrication meth- 
od according the embodiment of the present invention 
does not require a sacrificial layer, the fabrication proc- 
ess is simplified, and the sub-electrode has a high ad- 
hesive power and a low resistance. As a result, the qual- 
ity factor (Q) of the chip connected to the FBAR is en- 
hanced. 

[0050] In addition, according to the air gap type FBAR 
fabrication method of the present invention, the air gap 
is formed in the non-plasma etching with the fluorine 
compound having the limitless selectivity used. There- 
fore, the size of the air gap can vary according the fre- 
quency and the sub-electrode experiences no damage. 
[0051 ] I n addition , because the air gap type FABR fab- 
rication method according to the embodiment of the 
present invention uses a vapor, additional cleaning 
process or dry process is not required, and no etchant 
remains and the defectiveness can be minimized. 
[0052] As described above, the air gap type FBAR 
fabrication method according to the present invention 
simplifies the fabrication process and reduces the fab- 
rication time drastically. The air gap is formed in the non- 
plasma etching with the fluorine compound having the 
limitless selectivity used. Therefore, the sub-electrode 
has a high adhesive power and a low resistance, and 
the performance of the FBAR can be enhanced. 
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vaporizing the slid fluorine compound before 
the fluorine compound reacts to the semicon- 
ductor substrate (21). 

5 3. The method of claim 2, wherein step (e) further 
comprises: 

performing a vacuum suction on the material 
generated as a result of the reaction to the flu- 
te? orine compound. 

4. The method of claim 3, wherein the non-plasma 
etching is a chemically dry-etching. 

15 5. The method of claim 3 or 4, wherein the fluorine 
compound is XeF 2 . 

6. The method of claim 1 , wherein the width (2W) of 
the air gap (30a)is the distance from the most outer 
20 point where the upper electrode (27) and the sem- 
iconductor substrate (21) meet to the most outer 
point where the sub-electrode (23) and the semi- 
conductor substrate (21) meet. 

25 7. The method of claim 1 , wherein the depth (4) of the 
air gap (30a) is half of the width (2W) of the air gap 
(30a). 

30 
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Claims 55 

1. An air gap type Film Bulk Acoustic Resonator 
(FBAR) fabrication method comprising: 

(a) depositing and patterning a sub-electrode *o 
(23) on a semiconductor substrate (21); 

(b) depositing and patterning a piezoelectric 
material layer (25) on the sub-electrode (23); 

(c) depositing and patterning an upper elec- 
trode (27) on the piezoelectric material layer *s 
(25); 

(d) forming a hole (20a) which passes through 
the upper electrode (27), the piezoelectric ma- 
terial layer (25) and the sub-electrode (23); and 

(e) injecting a fluorine compound into the hole 50 
(20a) so that an air gap (30a) can be formed on 

the semiconductor substrate (21), and non- 
plasma etching the semiconductor substrate 
(21). 



The method of claim 1, wherein step (e) further 
comprises: 



55 
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FIG. 10 (PRIOR ART) 
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trode; and (e) injecting a fluorine compound into the hole 
so that an air gap can be formed on the semiconductor 
substrate, and non-plasma etching the semiconductor 
substrate. Since the FBAR fabrication method does not 
include forming and eliminating the sacrificial layer in 
the fabrication process, the fabrication process is sim- 
plified. In addition, the air gap having the limitless fre- 
quency selectivity can be formed and the performance 
of the FBAR can be enhanced. 



CO 
< 

CO 

o> 

CM 

to 

CO 



CL 
LLI 



FIG. 2L 




Printed by Jouve, 75001 PARIS (FR) 



BNSDOCJD: <EP 1315293A3_I_> 



EP 1 315 293 A3 



j) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 00 9756 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL7) 



EP 0 963 000 A (NOKIA MOBILE PHONES LTD) 
8 December 1999 (1999-12-08) 

* paragraphs [0020] - [0025] * 

EP 0 534 354 A (SUMITOMO ELECTRIC 
INDUSTRIES) 31 March 1993 (1993-03-31) 

* the whole document * 



1-7 



1-7 



H03H3/02 
H03H9/17 



TECHNICAL FIELDS 
SEARCHED (lnLCl.7) 



H03H 



The present search report has been drawn up for all claims 



Place of search 

The Hague 



Date oi completion of the search 

5 April 2004 



Coppieters, C 



8 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
1_ : document cited for other reasons 



& : member at the same patent family, corresponding 
document 



2 



EP 1 315 293 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 02 00 9756 

w This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 

The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

05-04-2004 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0963000 A 


08-12-1999 


FI 


981245 


A 


03-12-1999 






FI 


981415 


A 


03-12-1999 






CN 


1237827 


A ,B 


08-12-1999 






CN 


1237828 


A ,B 


08-12-1999 






EP 


0962999 


A2 


08-12-1999 






EP 


0963000 


A2 


08-12-1999 






JP 


2000030594 


A 


28-01-2000 






OP 


2000030595 


A 


28-01-2000 






US 


6204737 


Bl 


20-03-2001 






US 


6242843 


Bl 


05-06-2001 



EP 0534354 A 31-03-1993 EP 0534354 Al 31-03-1993 

JP 5199057 A 06-08-1993 

US 5401544 A 28-03-1995 



O 

Sj For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



3 



BNSDOCID: <EP 1315293A3_L> 




THIS PAGE BLANK (uspto) 



